Climate change is increasingly impacting population health outcomes related to several areas of public health service delivery across Canada, and internationally. As a result, public health practitioners are increasingly looking for guidance on how to begin planning for and adapting to a myriad of health-related climate impacts. This paper outlines several benefits for local or regional health agencies in conducting climate change and health vulnerability assessments (CCHVAs), based on the author's experience in conducting two of Canada's first comprehensive assessments. These benefits include, but are not limited to establishing suitable baseline understandings of past, present, and future climate-related health risks; providing guidance on mechanisms to reduce health inequities that may be exacerbated by climate change; generating credibility for health agencies to engage with climate change and pursue collaborative, intersectoral relationships with a range of likely and unlikely allies; identifying suitable, cost-effective adaptation options in the form of public health programming; and encouraging decision-makers to produce proactive policy actions to redress potential climate impacts on population health. Completing a CCHVA can directly optimize health agencies' and their allies' efforts to respond to the health imperatives associated with climate change, while also fueling adaptation options that yield co-benefits across a variety of sectors.
Introduction
Health agencies at all levels (local, regional, provincial, and national) are increasingly required to adapt to shifting population health outcomes resulting from changing climate conditions. Climate change is already impacting aspects of public health service delivery in Canada (Seguin et al. 2008) , including infectious and vector-borne disease surveillance, air quality monitoring, food and water quality testing, and emergency preparedness and response for extreme weather events, including storms, flooding and extreme heat/cold events (Patz et al. 2014; Watts et al. 2017; Woodward et al. 2014) . In light of these impacts, public health agencies may need to initiate, or be asked to participate in, the process of planning for and adapting to a myriad of climate change impacts. In response to these demands, climate change and health vulnerability assessments (CCHVAs) have been forwarded by the World Health Organization (see WHO 2012) , Health Canada (see Seguin et al. 2008 ) and the US Centers for Disease Control and Prevention (see Manangan et al. 2015) as a foundational step to support public health preparedness under a changing climate. This commentary draws on the author's experience of conducting some of Canada's first CCHVAs in collaboration with staff from Health Canada and local Ontario Public Health Units (PHUs) to clarify the value for public health agencies in conducting such assessments.
A CCHVA is an evidence-based assessment process of articulating past, present, and future health impacts of climate change in a given geographic area, and is therefore akin to a rapid health impact assessment. CCHVAs are designed to better understand vulnerability, or the degree to which populations are susceptible to the effects of climate change, and can be conducted in a relatively short time frame (i.e., 1 to 3 months) with limited resources. In the context of these assessments, vulnerability is conceptualized as a function of a population's: [a] exposure to climate hazards (i.e., the degree to which a person or group is in contact with a particular hazard); [b] Public health practitioners and decision-makers have a great deal to gain from conducting CCHVAs. First, CCHVAs can provide baseline information on the state of population health vulnerabilities impacted by climate change based on the best available evidence. Population health vulnerabilities refer to health issues that have the potential to be exacerbated by climate change or may refer to specific populations that are more or less vulnerable due to physiology, differential exposure, or limited adaptive capacity. Given the geographic specificity of both climate impacts and health concerns, CCHVAs are most useful when scoped at a local or regional level. While broader assessment areas could be considered (at the level of a province, for example), such an approach risks losing the ability to comment on the granularity of impacts to specific populations living in areas that will be more or less affected by localized climate change impacts.
Documenting the state of past, present, and future climate risks enables public health decision-makers to streamline climate reporting into a variety of existing reporting mechanisms (i.e., updating vector-borne disease surveillance and reporting with changing climate conditions in mind, or including a climate risk component into regularly conducted community health assessments). CCHVAs can also serve as stand-alone reports updated on a regular basis (e.g., every 5-10 years, or as new climate health risks emerge). In other words, while CCHVAs may be seen as yet another assessment protocol, they can synergize with an array of monitoring and surveillance activities to help address the near and long-term environmental health priorities of health agencies.
An initial assessment can therefore take different forms. It can focus on a single health risk to maximize the depth of assessment, such as focusing only on extreme heat exposure and related morbidity and mortality (see, for example, Åström et al. 2013) . Alternatively, CCHVAs can integrate a variety of health impacts into Bchapters^to maximize breadth in reporting; that is, a CCHVA can capture as many climate and health risks as seem relevant to the health jurisdiction under analysis (see, for example, Berry, Patterson and Buse 2013). Irrespective of the approach, CCHVAs support evidence-informed public health practice by communicating the best available evidence on a range of possible health impacts, while also providing strategic guidance on the development of programs, policies, and public health actions that can mitigate health risks at present and into the future (Fielding et al. 2016; Hess et al. 2014) .
Second, an equity lens is naturally embedded into CCHVAs; that is, CCHVAs consider how existing health inequities can be exacerbated by a changing climate and provide guidance on how to direct budgets and personnel to reduce both vulnerabilities and inequities over time. Framing CCHVAs in relation to health equity can lend political credibility to initiating the assessment process given the promotion of health equity is a broadly articulated goal of public health practice in Canada. However, addressing health inequities through CCHVAs may run the risk of conflating health inequalities with the inequities that drive the unequal distribution of health outcomes in the first place. Indeed, the way in which health equity is framed in CCHVAs can engender particular programmatic responses such as the simple communication of health risks to priority populations versus a more fulsome engagement with the upstream drivers of inequalities (e.g., poverty, racism) and the conditions that maintain them (Buse 2015) . CCHVAs should not be considered a magic bullet to solve the complex challenge of promoting health equity, but public health practitioners can benefit from outlining specific goals for improving health equity by explicitly linking stated goals to aligned programs or policies wherever possible.
Third, the evidence collated in a CCHVA can generate credibility for PHUs or public health agencies to engage with climate change. The sharing of relevant public health evidence and expertise can provide a Bseat at the table^in intersectoral governance processes seeking to either mitigate or adapt to the impacts of climate change (e.g., regional climate change adaptation strategy development and implementation). Not only can a completed CCHVA build such capacity, but at the outset of the CCHVA, consideration should be given as to which stakeholders could be engaged to contribute data and expertise to the assessment. This approach is directly supportive of the health-in-all policies agenda to promote healthy public policy through intersectoral action (Buse 2013; Watts et al. 2015) . It can also provide future pathways for health agencies to engage a variety of likely and unlikely allies on topics that may not fall within the conventional purview of environmental health protection activities (e.g., working with conservation authorities to evaluate the direct and indirect health benefits of urban forestry strategies).
Fourth, and related to the point above, CCHVAs can provide foundational information for the economic evaluation of a variety of public health activities. It is important to note that any public health action is likely to be more cost effective than no intervention at all. The World Health Organization estimates that by 2030, direct costs to health (not including costs to health-related sectors such as water, sanitation and agriculture) could be between US$2 and $4 billion per year, globally. The National Roundtable for the Economy and Environment estimates that between 2010 and 2100, the cumulative costs of premature mortality risk attributable to only heat and air quality impacts resulting from climate change will be CAD$65-$96 billion, $52-$77 billion and $36-$48 billion for Toronto, Montreal, and Vancouver, respectively (NRTEE 2011) . To that end, consideration ought to be given on how best to maximize the co-benefits of programs and policies, while mitigating co-harms to other sectors (Cheng and Berry 2012; Spencer et al. 2017) .
CCHVAs should enable the analysis of cost-effectiveness of identified interventions wherever possible, but especially those that may have an array of co-benefits across sectors. An example of an intervention that promotes co-benefits is increasing tree canopy cover in urban areas as a means to simultaneously improve air quality, reduce impervious surfaces and flood risk, ameliorate the urban heat island effect, and provide esthetic spaces for people to recreate, while also enhancing urban space's ability to act as a carbon sink. As climate change continues to unfold, public health capacity must be built to respond to impacts through adaptive management practices, and cost-benefit analysis will be an important tool to quantify the efficacy of public health interventions across a variety of sectors (Hess et al. 2012) .
Fifth, piloting CCHVAs in jurisdictions without formal policy guidance can help to spur policy development and the adoption of proactive and preventive public health actions. Ontario serves as a particular exemplar of this phenomenon where the conduct of CCHVAs eventually paved the way for the development of provincial guidance documents (see Paterson et al. 2016) to support Ontario PHUs in conducting their own assessments. Ontario PHUs are now better positioned to meet provincial policy and public health standards mandating the communication of climate change health risks. The guidance documents now enable PHU staff who have yet to conduct a CCHVA to respond to a suite of environmental health hazards that are being modified by climate change over time.
There are a number of reasons why public health decision-makers may decide not to conduct a CCHVA, including a lack of human resources or technical capacity, limited funds, or the absence of political will to initiate and drive the assessment process. This may be the case when climate change is not an identified immediate or near-term priority, when there is climate change denialism within public health leadership, or when climate change is not understood as a public health issue.
However, the evidence is clear: climate change is already impacting the health of Canadians and will continue to do so without suitable interventions. Assessing population health vulnerabilities to climate change is a promising first step to developing programs and policies that are better equipped to both protect and promote the health of Canadians in the twenty-first century. Although our knowledge of the Btipping points^by which environmental changes may impact health are not well understood, this should in no way justify inaction by public health actors on this issue.
Conclusion
The ability of public health researchers and practitioners to both detect and attribute a range of health burdens to climate change has improved greatly , and numerous indicators across public health service delivery areas exist to track progress of public health adaptation to climate change (Ebi 2018) . CCHVAs can therefore enable public health practitioners to make evidence-informed judgements to both enhance the delivery of core public health services and plan for health issues that may arise under a changing climate. Completing a CCHVA therefore positions health agencies and their allies to adapt and respond to health impacts of climate change in ways that are proactive and responsive, that build positive relationships across sectors and can provide a necessary impetus to drive public health policy.
